Purpose: To elucidate anesthesia-related challenges in patients who underwent modified osteo-odonto-keratoprosthesis (MOOKP). Results: A total of 74 patients (47 men, 27 women) were included in this study. The mean age of the patients was 29.7 ± 9.1 years. The most common indication for MOOKP was Stevens-Johnson syndrome (53%), followed by chemical burn (38%). In all stages of the MOOKP procedure, 94.6% of patients were American Society of Anesthesiologists (ASA) grade II, whereas 5.4% were ASA grade III. Mallampati score 1 was found in 79.7% of patients in stage 1A, 82.4% of patients in stage 1B + 1C, and 81.1% of patients in stage 2. Recovery grade of 10 was noted in all patients at all stages of the MOOKP procedure. Intubation in the second attempt was carried out in 8 patients and oral intubation in stage 1B + 1C was performed in 4 patients. Difficulty in intubation was noted in 3 patients in stage 1A, 4 patients in stage 1B + 1C, and 1 patient in stage 2.
who underwent MOOKP often have associated systemic and local oropharyngeal abnormalities, which need anesthetic considerations. 1 The surgical technique of MOOKP has been well described, but perioperative anesthetic concerns have not been extensively studied. The surgery is carried out as a multistage procedure for a span of 2 to 3 months. Skelton et al 2 described the anesthesia considerations in 9 cases that underwent osteoodonto-keratoprosthesis (OOKP). Since then, the procedure has changed and is practiced under wider indications. The purpose of this study was to elucidate the anesthesia-related challenges in patients who underwent MOOKP.
METHODS
This study was approved by the institutional review board and ethics committee of Vision Research Foundation and adhered to the tenets of the Declaration of Helsinki. Medical records of consecutive patients who underwent the MOOKP procedure between January 2007 and January 2015 were retrospectively reviewed. Data including the demographic details, systemic comorbidities, indications for MOOKP, preoperative anesthetic evaluation by the American Society of Anesthesiologists (ASA) grading, airway assessment by Mallampati score, anesthesia induction and intubation techniques at various stages of MOOKP were collected and analyzed.
Surgical Techniques at Various Stages and Anesthetic Considerations

Stage 1
This step involved the preparation of the globe, buccal mucous membrane graft, bone augmentation of alveolar bone (1A), and preparation of osteo-odonto lamina (1B + 1C). Before implanting the OOKP in the eye, the globe was covered with mucous membrane to serve as a biological covering for the lamina, for providing adequate blood supply to the bone. The first stage was divided into 2 steps: 1A and 1B + 1C.
Stage 1A
This consisted of removal of keratinized surface from the cornea, and removal of lens and iris along with anterior vitrectomy. To prevent resorption of the tooth lamina, the chosen tooth bone was augmented by a bone taken from the lower jaw. The procedure, performed by the oromaxillofacial surgeon, involved securing a mandibular bone graft beneath the periosteum on the labial aspect of the canine tooth chosen to be harvested for the MOOKP procedure. This procedure was simultaneously performed with stage 1A of the MOOKP. Three months later, the tooth was harvested and fashioned into the osteo-odonto alveolar lamina similar to the method described in the Rome-Vienna Protocol. The tooth with the largest available root was chosen: upper canine, lower canine, both upper incisors, first or second upper premolar, first or second inferior premolar, and inferior incisor, in descending order of preference.
The choice of anesthesia in this stage changed with the introduction of augmentation. Of the patients who underwent this procedure in stage 1A, those who also underwent augmentation (n = 4) had nasal intubation and the rest had oral intubation.
Stage 1B + 1C
In this stage, the cornea was covered with buccal mucosa. Mucous membrane acted as a physiological cover of the alveolar bone and it was the best protection for OOKP lamina. An osteoodonto lamina formed from a tooth was fitted with an optical cylinder that acted as lens and was inserted into the mucosal graft. The complete osteo-odonto lamina was then placed in the cheek.
The anesthesia challenge in this stage was the nasal intubation and fixation of the tube in such a way that the oromaxillofacial surgeon and the ophthalmic surgeon had to make no compromise in the surgical access. The longer duration of surgery and the associated challenge of preventing hypothermia were the other problems during this stage.
Stage 2
About 3 months later, the OOKP lamina was implanted in the eye. At first, the lamina was explanted from its subcutaneous storage space, and it was cleaned and put in the patient's own sterile blood to prevent it from drying. The mucosal graft was partially reflected from the corneal surface. The lamina was retrieved from its pocket below the eye and was sutured to the cornea and sclera. In the final step, buccal mucosa was placed back to cover the lamina after central trephination.
The anesthesia challenge was the longer duration of surgery, which required prevention of hypothermia and maintaining positioning of the patient.
Mallampati Score
The Mallampati score was obtained during the physical examination of each patient before surgery. For all patients, the score was assessed by asking the patients to open their mouth as wide as possible, while protruding the tongue as far as possible. The patients were also instructed not to emit sounds during the assessment. A standard 1 to 4 grading system was used-grade 1: soft palate and entire uvula visible; grade 2: soft palate and portion of uvula visible; grade 3: soft palate visible (may include base of uvula); and grade 4: soft palate not visible. 3, 4 American Society of Anesthesiologists Score
The ASA scoring was based on the subjective assessment of a patient's overall health, which was based on the standardized 5-grade classification-grade I: patient is completely healthy and fit; grade II: patient has mild systemic disease; grade III: patient has severe systemic disease that is not incapacitating; grade IV: patient has incapacitating disease that is a constant threat to life; and grade V: a moribund patient who is not expected to live 24 hours with or without surgery. 5 
Anesthesia Technique
After a thorough preoperative anesthetic evaluation including airway evaluation, patients were premedicated with intramuscular glycopyrrolate (10 μg/kg). If the patient was on steroid, glycopyrrolate was given along with a stress dose. In the operating room, monitors-such as noninvasive blood pressure monitor, pulse oximeter, electrocardiogram, and capnogramwere attached. Anesthesia was induced by fentanyl (1-1.5 μg/kg), propofol (2 μg/kg), or thiopentone sodium (5 mg/kg), and neuromuscular blockade was achieved with vecuronium (0.1 mg/kg). In case of difficult airway, patients were intubated by awake fiberoptic bronchoscope-guided tracheal intubation as per the institute protocol. In patients undergoing the surgery in stage 1A, intubation was performed orally unless a bone augmentation of tooth was planned, which required nasal intubation. Patients in stage 1B + 1C were intubated nasally and required specific tube fixation, which gave good surgical access to the oromaxillofacial surgeon and the ophthalmic surgeon without the need for changing the tube fixation intraoperatively. The tube chosen was north pole tube or flexometallic tube taken along the contour of the nasal bridge brought on the forehead of the patient connected to the circuit with the help of an L-shaped connector and brought along the side of the patient. Oral packs were inserted for stages 1A and 1B. Anesthesia was maintained with nitrous oxide, sevoflurane, and intravenous fentanyl. At the end of the surgery, residual neuromuscular blockade was reversed with neostigmine (50 μg/kg) and glycopyrrolate (10 μg/kg), and the patients were extubated. Postoperative vomiting was controlled by intravenous ondansetron and postoperative analgesia by tramadol/ketorolac and paracetamol.
RESULTS
A total of 74 patients (47 men, 27 women) who underwent the MOOKP procedure were included for analysis. The mean age of the patients was 29.7 ± 9.1 years. Table 1 shows the baseline characteristics of the patients. The most common indication for MOOKP was Stevens-Johnson syndrome (53%), followed by chemical burn (38%) (Figure 1) . The preoperative anesthesia consideration at different stages of MOOKP is shown in Table 2 . The mean duration of surgery The profile of patients with anesthesia-related difficulties is shown in Table 3 . The indications for MOOKP in patients who had intubation in the second attempt were found to be chemical burn (6 cases), Stevens-Johnson syndrome (1 case), and cicatricial pemphigoid (1 case); and the indications for MOOKP in patients who had been given oral intubation in stage 1B + 1C were chemical burn (2 cases), thermal burn (1 case), and cicatricial pemphigoid (1 case).
DISCUSSION
In this study, we report the anesthesia considerations in patients undergoing the MOOKP procedure. Compared with other studies, our patients were relatively younger and had fewer systemic comorbidities. A majority of the patients had ASA grade II. Previous studies have also shown younger age groups for the patients who underwent MOOKP. 1, 6, 7 The most common indication for MOOKP in our series was corneal scarring because of Stevens-Johnson syndrome followed by chemical burns. Similar trends were reported in previous studies. 1, 6 Similar to Garg et al, 6 the median Mallampati grading changed from stage 1 to stage 2 because of scarring after mucous membrane graft. Thus, it was important to reevaluate the airway as difficulty may increase in between stages. Modification in MOOKP technique led to changes in the intubation technique. Stage 1A technique was modified by adding bone augmentation of the chosen tooth from the jawbone. Thus, initially, the patients were intubated orally for stage 1A, but later, after the modification, they were intubated nasally.
We had difficulty in intubating 8 patients. Among them, 6 patients had chemical burns and they had a lot of scarring and contractures leading to difficulties in intubation. Similar difficulties were also reported by Mathur et al 8 and Prakash and Mullick. 9 Likewise, in stage 1B + 1C that required nasal intubation, 4 patients could not be intubated nasally because of loss of patency of nostrils, which was due to burns. Another challenge was the fixation of the tube in such a way that it did not compromise the surgical access for the oromaxillofacial surgeon and ophthalmologist. Either a north pole or flexometallic tube was chosen, and the tube followed the contour of the nasal bridge brought on the forehead with the help of an L-shaped connector circuit and was brought along the side of the patient. Garg et al 6 changed the fixation intraoperatively. This was avoided by our novel approach to fix the tube. During preoperative anesthesia checkup, these patients also showed traits of anxiety and depression; however, it was not quantified.
The main strengths of this study were the large sample size and good perioperative anesthesia documentation. The novel way of tube fixation described in this study would be of help in planning anesthesia in these patients. However, the major limitation was the retrospective design of the study. The lack of intraoperative neuromuscular and temperature monitoring was another limitation of this study.
In conclusion, in patients undergoing MOOKP, there were multiple challenges in anesthesia, multiple procedures, surgery around the face and mouth, associated disease affecting airway, and young age. However, a good preoperative anesthetic evaluation and intraoperative anesthesia plan before each stage could help in successful administration of anesthesia in these patients.
